cases of severe rheumatoid arthritis. Fessel (1959) , using latex particles coated with nucleoprotein as an indicator, demonstrated A.N.F. in 23 per cent. of 150 rheumatoid sera tested.
Few positive results have been obtained in diseases other than those affecting connective tissue, and the observation by Friou (1958a) and Fessel (1959) that A.N.F. was present in a number of sera exhibiting false positive reactions for syphilis is interesting in view of the speculations of Moore (1956) Material and Methods the L.E. cell test was positive, three cases each of scieroSera from 511 males and 605 females were titrated for derma and polyarteritis nodosa, and one case of dermato-A.N.F. Table II shows the sex and age groups of these myositis. The L.E. cell test was negative in these patients. individuals and the diagnostic categories to which they
The 183 patients suffering from rheumatoid arthritis were assigned.
were members of a group who had attended the rheumatic The small group of nineteen patients (Table III, over-clinic for a number of years and had been studied in leaf) suffering from the classical "collagen diseases" was detail by Duthie, Thompson, Weir, and Fletcher (1955) , composed of twelve cases of D.L.E., in all of whom Duthie, Brown, Knox, and Thompson (1957) The diagnoses in the group of 165 individuals suffering from generalized osteo-arthritis, osteo-arthrosis, disk degeneration, or other rheumatic diseases are shown in Table IV (overleaf). This group was mainly composed of patients referred to the rheumatic clinic, but included 27 persons who were seen in the course of a survey of relatives of patients with rheumatoid arthritis and who were found to suffer from generalized osteo-arthritis, osteo-arthrosis, disk degeneration, or some minor rheumatic complaint.
The diagnoses in the 169 patients forming the group of miscellaneous diseases are shown in Table V (overleaf). These patients had been referred to other units in the Northern Group of Hospitals with the exception of twelve who belonged to the group of relatives studied by Bremner, Alexander, and Duthie (1959) . Whenever A.N.F. was detected, the diagnosis of D.L.E. or rheumatoid arthritis was definitely excluded, but mild osteoarthrosis and disk degeneration might have been present. The 23 cases of erythema nodosum formed part of a group which was the subject of a report by Truelove (1960) . These patients had had articular manifestations associated with a typical rash, but only one had signs of active disease at the time when serum was obtained.
The 580 control sera were obtained from 118 healthy relatives of patients suffering from rheumatoid arthritis and 462 blood donors about whom no information other than age and sex was available. Titration of Anti-Nuclear Factor.-The presence of A.N.F. was demonstrated by a modification of the method previously described by Alexander and Duthie (1958) , and Duthie, Bremner, and Alexander (1959 Coons and Kaplan (1950) . Excess dye was removed from the serum by passage through a column containing an anionic exchange resin (De-acidite* FF (-200 +400 mesh W.R. 1-1-5) in phosphate saline buffer. The fluorescein-conjugated anti-human globulin serum was then absorbed with sheep liver powder as described by Coons and Kaplan (1950) . It was established that the conjugated antiserum did not impart fluorescence to the nucleus or cytoplasm of the untreated leucocytes used in the test.
METHoD.-Each blood film was divided into four areas by marking the under-surface of the slide with a diamond. The test serum was applied undiluted and at 1/8, 1/64, and 1/512 to the four areas, care being taken to prevent the drops of individual dilutions coalescing. To minimize evaporation the preparation was placed in a covered Petri dish containing a pledget of moist cotton wool. After 30 minutes excess serum was washed from the slide with phosphate saline buffer. The preparation was washed further by immersing in phosphate saline buffer for 5 minutes and was then dried with a cloth, care being taken to leave untouched the areas of slide exposed to the test serum. To each area one drop of fluorescein-conjugated anti-human globulin was applied and the preparation was replaced in the Petri dish for 30 minutes at room temperature. The preparation was again washed in phosphate saline buffer and mounted in buffered glycerol at pH 7 0. Standard coverslips were used.
The preparations were examined in a fluorescence microscope modified in one respect from that described in detail by Alexander (1958) . In the original microscope the specimen was mounted on a slide cut from Chance glass (OX7) which filtered all but ultraviolet and violet radiation from the exciting beam. In the present investigation it was impracticable to use such a slide in view of the large number of specimens examined. Standard microscope slides were therefore substituted and a filter to absorb visible radiation was placed between the source of U.V. light and the microscope. In early experiments a Wratten 18A filter which transmits U.V. radiation above 300 mu was used . It was later shown, however, that a Wratten 18B filter, which transmits ultraviolet light over a wider waveband, provided a more intense excitation of the specimen with a corresponding increase in sensitivity of the technique. An 18B filter was therefore used throughout the present investigation.
INTERPRETATION OF RESULTS.-The presence of green fluorescence on the nuclei of polymorph leucocytes was regarded as a positive result, and the titre of the serum was recorded as the highest dilution in which such fluorescence could be detected. Sera which were positive at a dilution of 1/512 were further diluted and retested so that an end-point could be recorded. Positive and negative sera were titrated with each batch of tests in order to standardize the sensitivity of the technique. The reproducibility of the method was tested by duplicate titrations of 110 sera. In 95 per cent. the results of the duplicate tests agreed, but in 5 per cent. divergent results were recorded. These divergences were most frequently observed in low titre sera.
Sensitized Sheep Cell Test (S.S.C.T.).-This was performed by the method of Ball (1950) modified as described by Duthie, Brown, Knox, and Thompson (1957) . A titre of 1/128 was designated as the lowest positive titre in the test.
Haemoglobin (Hb) and Erythrocyte Sedimentation Rate (E.S.R.).-Venous blood was collected in Wintrobe's anticoagulant mixture. The haemoglobin concentration was measured by the alkali haematin method of Clegg and King (1942) in a photo-electric colorimeter. Results were expressed as a percentage of 14-8 g. Hb/100 ml. blood.
The E.S.R. was measured in Westergren tubes. The fall in mm. after 1 hour was recorded.
Functional Capacity.-This was assessed only in the patients suffering from rheumatoid arthritis, and was graded as follows:
I.
II.
Fit for all normal duties. Moderate restriction (usual employment with modifications, light or part-time work; all housework except the heaviest; no dependency on others). Ill. Marked restriction (only very light work; some degree of dependency on others). IV. Confined to bed or chair (not capable of any work; completely dependent on others).
Results

INCIDENCE OF ANTI-NUCLEAR FACTOR
In Disseminated Lupus Erythematosus, Polyarteritis Nodosa, Scleroderma, and Dermatomyositis (Table III ).-A.N.F. was detected in the serum of all patients suffering from D.L.E. and in ten of the twelve sera a titre greater than 1/64 was recorded. A.N.F. was also present in the serum of three patients suffering from polyarteritis nodosa and in that of one patient suffering from dermatomyositis. It was present in the serum of two of three patients with scleroderma. In this small series the incidence of A.N.F. was almost as high as in D.L.E., but the titre did not exceed 1/64 in any instance.
The S.S.C.T. was positive in five of the nineteen sera from patients in this group. A.N.F. was present in all five sera, but the titres were not related to the titres for sensitized sheep cells.
In Rheumatoid Arthritis.-A.N.F. was present in the serum of 65 per cent. of the 183 patients with rheumatoid arthritis. The titre was greater than 1/64 in twenty cases (11 per cent.). A detailed analysis of A.N.F. in relation to age, sex, duration of disease, haemoglobin, E.S.R., functional capacity, and the S.S.C.T. is presented in a later section of this report.
In Other Rheumatic Diseases (Table IV, A proportion of the patients included within these diagnostic categories were relatives of patients suffering from rheumatoid arthritis. The incidence of A.N.F. was not affected by exclusion of the relatives from the analysis.
In Miscellaneous Diseases.-The incidence and titre of A.N.F. in relation to diagnosis in the group of 169 patients suffering from miscellaneous diseases is shown in Table V Hamsman-Rich syndrome .
. The relationships between the serological findings and haemoglobin, E.S.R., and functional capacity were of the same pattern as that seen in Table XIII , and were not solely determined by the duration of disease.
Discussion
The results of this investigation suggest that A.N.F. is not specifically associated with the classical "collagen diseases" and rheumatoid arthritis, although as observed by Friou (1958a) it is present most frequently in these diseases and the highest titres occur in cases of D.L.E.
Previous workers have been mainly concerned Friou (1958a) detected A.N.F. in less than 2 per cent. of sera from patients suffering from miscellaneous diseases. In a comparable group in the present study, A.N.F. was present in 17 per cent. of sera, and was also demonstrated in 4 per cent. of sera from apparently healthy individuals. The discrepancy between Friou's results and those reported here is likely to be due to differences in the sensitivity of the techniques used, as a proportionate difference in incidence in rheumatoid arthritis is observed. If this explanation is correct, and if more sensitive techniques can be devised, it seems possible that A.N.F. may eventually be shown to be a normal component of human serum which is increased in some diseases, amongst which D.L.E. and the other members of the "collagen" group, including rheumatoid arthritis, are most prominent.
In view of the small numbers in any single diagnostic category, the incidence of A.N.F. in individual diseases outwith this group cannot be established. No common factor was apparent in the 17 per cent. of patients whose serum contained A.N.F., but it is interesting, in view of the report of Weir (1959) , that in several instances impairment of hepatic function may have been present. The incidence of A.N.F. in secondary osteo-arthrosis and in disk degeneration approached that recorded in the miscellaneous group of diseases. It should be noted, however, that in a proportion of the cases of osteo-arthrosis and of disk degeneration where positive tests were obtained, the patients were suffering from coincident disease and it was not possible to establish that the presence of A.N.F. was related to their skeletal disorder.
In generalized osteo-arthritis, A.N.F. was detected in 22 per cent. of patients in none of whom was there evidence of other disease. This observation, together with the high incidence of generalized osteo-arthritis among females and the distinct familial predisposition, suggests that this disease may be a diffuse disorder of connective tissue, more closely related to rheumatoid arthritis than to osteoarthrosis of the secondary type.
A study of the relationship of the presence of A.N.F. to some of the features of rheumatoid arthritis has been reported by Duthie and others (1959) . The incidence of A.N.F. was shown to be higher in females (51 per cent.) than in males (43 per cent.). No association of age or duration of disease with the presence of A.N.F. was demonstrated in females, but in males the incidence of A.N.F. was lowest (28 per cent.) in patients below the age of 45, and was 30 per cent. in patients in whom the disease was of less than 10 years' duration. These observations agree with the results of the present investigation within the limitations imposed by the small numbers in the younger age groups and the absence of patients in whom the duration of disease was less than 8 years. Duthie and others (1959) showed that A.N.F. occurred most frequently in the presence of anaemia, raised E.S.R., and low functional capacity. This relationship of A.N.F. to signs of systemic disease has been confirmed in the present study, but no quantitative correlation between the titre of A.N.F. and the degree of anaemia, E.S.R., or grade of functional capacity has been demonstrated.
In the earlier study, A.N.F. was present in 55 per cent. of patients in whom the S.S.C.T. was positive, but in only 29 per cent. of patients with a negative S.S.C.T. The corresponding figures in the current investigation were 75 per cent. and 51 per cent. respectively, the higher overall incidence being accounted for by the use of a more sensitive technique.
The probable prognostic significance of the S.S.C.T. has been discussed by Duthie and others (1957) , who showed that a consistently positive test was associated with a more serious prognosis as assessed by functional capacity. The results of Duthie and others (1959) suggested that the presence of A.N.F. might also indicate a poor prognosis and it was postulated that, whereas A.N.F. was related to the systemic manifestations of disease, the rheumatoid agglutinating factor was more commonly present when inflammatory changes in the joints were prominent. The results of the present study confirm that both A.N.F. and rheumatoid factor may be of prognostic significance and that A.N.F. was more closely associated both with signs of active disease and with impaired functional capacity. A.N.F. was present in the serum of all patients in whom the Hb concentration was less than 70 per cent. and in that of all those who were in the lowest grade of functional capacity. The stimulus to the production of A.N.F. remains unknown. The factor possesses the property of an antibody to nuclear material, but it has not been established that its production is due either to a derangement of the normal immune mechanism or to the presence of nuclear material degraded or altered to the extent that it is treated as an antigen by the cells normally responsible for synthesis of antibody. Degradation or alteration of nuclear material may follow dissolution of tissue, whether this be due to disease or to senescence of cells, and may provide the stimulus for production of A.N.F. This hypothesis is consistent with the concept of A.N.F. as a normal component of human serum, but it does not adequately explain the occurrence of large amounts of A.N.F. in the serum of patients suffering from D.L.E. and the high incidence of the factor in other "collagen diseases". Even if it should be established that A.N.F. is not of causal importance, the final explanation of its prevalence in these diseases may contribute to the understanding of their aetiology.
Summary
(1) A sensitive method for the detection and titration of anti-nuclear factor (A.N.F.) in human serum is described.
(2) The results in 1,116 sera are reported and compared with those obtained in previous investigations.
(3) Anti-nuclear factor was detected in the serum ofall patients with disseminated lupus erythematosus.
It was also present in three cases of polyarteritis nodosa, one case of dermatomyositis, and in two of three cases of scleroderma.
(4) Anti-nuclear factor was present in the serum of 65 (5) In rheumatoid arthritis the incidence of antinuclear factor was highest among patients with signs of active disease (as indicated by the presence of anaemia and a rapid erythrocyte sedimentation rate) and among those with serious impairment of functional capacity. Severe disease was most common in patients in whom the presence of antinuclear factor was associated with a positive sensitized sheep cell test. Patients in whom both tests were negative had fared better in all respects than the remainder of the group.
(6) The possible significance of these results is discussed. (6) On discute l'importance possible des ces resultats.
Incidencia del factor antinuclear en el suero humano SUMAIUO (1) Se describe un metodo sensible de deteccion y titulaci6n del factor antinuclear (A.N.F.) en el suero humano.
(2) Se presentan los resultados en 1,116 sueros y se comparan con los obtenidos en investigaciones previas.
(3) Se detect factor antinuclear en el suero de todos los enfermos con lupus eritematoso diseminado. Estaba presente tambien en tres casos de periarteritis nodosa, un caso de dermatomiositis y en dos de tres casos de esclerodermia.
(4) El factor antinuclear estaba presente en el suero del 65% de 183 enfermos con artritis reumatoide, 22% de 49 casos de osteoartritis generalizada, 15% de 20 casos de osteoartritis secundaria, 15 % de 33 casos de degeneraci6n discal, 6 % de 63 enfermos con otros disturbios reumaticos, 17% de 169 enfermos padeciendo otras varias enfermedades y 4 % de 580 individuos aparentemente sanos.
(5) En la artritis reumatoide la incidencia del factor antinuclear fue mAs elevada entre los sujetos con signos de evolucion morbida (indicada por la presencia de anemia y elevada velocidad de sedimentaci6n eritrocitaria) y entre aquellos con seria afectacion de la capacidad funcional. Un tipo severo de enfermedad ocurria cuando la presencia del factor antinuclear estaba asociada a una reacci6n positiva de aglutinaci6n de los eritrocitos de carnero sensibilizados. Los enfermos en quienes ambas reacciones eran negatives estAn en todos los aspectos mejor que el resto del grupo.
(6) Se discute el posible significado de estos hallazgos.
